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(54) PARALLEL SORT DEVICE 

(57)Abstract 

PROBLEM TO BE SOLVED: To shorten the parallel 
processing time of a parallel sort device by equalizing 
the numbers of sorted strings which are read out of a 
secondary storage in every parallel processing unit when 
the external sorts whose objects data are not 
completely stored in a main storage are carried out in 
parallel to each other in a multiprocess. 
SOLUTION: The sort processing operations are carried 
out in the sort/merge main storage areas 31 and 32 
which are proper to the parallel processes. Then these 
sort processing results are stored in a shared sorted 
string main storage area 5. Then the strings are written 
in the work areas 81 and 82, and a work area 
management means 6 decides a string replacement block 
when the area 5 has an overflow. The strings are taken 
out of the area 5 and sent to the areas 31 and 32 to 
perform the merging operations after the sort phase is 
over. Then a string writing/reading means 7 decides the 
blocks to be read next, and these blocks are read out of 
the areas 81 and 82. 
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mil] ttfkT-?tf±xMt.mzM& btfrw&v 

-hi a 4= XTMflWSfT * IB . y - h iff* 

[K^g] M^arn-bAtn^y-hv-i; 

JB±Ettfll«3 1. 3 2T\ V-MSI£fflr\ IS** 
m<ov- WSfrx h y v77H±iettjH« 5 (cfgiftt 
s . i , 8 2 tr* h y y aj L . v - 

haffA* b y y^ffliiEflMHW 5 aot-a- 7 o- Uz 

£&5tu y- hyx-x^imzv- ha?** n y y 

^ffl±IB1t5*^y- h/V->-'ffl±f21i3 1 , 3 2tC 

x h; >?'zm y aj l v- ytff v \ x v y # as 

ftHtH$8 1, 8 2 3. 
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imxm i ] v- brnox*?-? mm&m- 
<7)*wi®mx'*Ej$LZtihx b y vrmmzv- b/ 

itfiey- h/v-s/jii±Bii*ww>* h y y^y- 1> 
mi&%mmfrt>%i v- b&x h y yftt&mw 

fney - h-/ - ?- ^ffl±ettWH^>^ r y v^s- y - h 

bmxhv y^mmtuztm l , t> h v wwe y - 
h y yf^mmm^x h y yx^y- h/-?- 
y'jra LTffc&x h y y/s-mriey- h/t- vW± 
smmmzw&t&v-b/v-is^&t. zzm* 
xx-mixzimiv- vmrnzh-ix, 
mftay- v/^-it^wfiMiv- b/-?-=ym±Mm 
m&<7)x b y y?i y- h/-?-^jaa L-T4fiic-ri.fr 
h y y/co/n -y ? fcUiev- i-af* h u yx± 
fEttStt&ox h y y7\,zmsaix%.th*-j<7v-y 
u zmu-mmmzE* mi & t « . miex h y > 

X-cft-f ft<05# fefl* 7*D -y ?R*»l, < ti i 

miiv-b^x b 'J y^Mmmmco^-^ya-yn 
v7ZmMimmMlzWiim$®lwtztbW£tiiL. * 

s wiflrfiy- h six mj yx±feii^$cDx h u >-x 

# yp y ? N mummm^w.^ ltx hj y? 
iwtthx b o y?m% aj L/m»a*¥ai: . &m 
x i. i t ztmt -ri>M?ijy- h^s. 

[fft£if2] mftero-fe^^ix-fitSr^^ 

t-thttom i ietnoM?ijy- mis. 

[0001 ] 

mmnmimftizfflL. mz, v-btmr-ftf&i 

fev^mmtmmv-mmzftMftttiZtix^&iii 

■&<?)V-T4y7izmt&. 

[ooo2] fmr-^^-xyxT^ux-v-T-i 



( 2 ) mm-9 - 2 3 1 0 5 3 

«*W"4. 4»iaWKMffl$ns±IEtti:ZaiEtt3WMI 

[0003] ifi^UfflftSfiTV^MJU^f-ATIi. 
ilElt^S* shared ev 

e r y t h i n §m<7)T-*T7 ^vX\ COfHJJtiffl 
ffiTS*. 34>fc. iieitSrftWL^^shared 
n o t h i n gSTt . fift&~tiX * V T-*t9+* 

[0004] 

[1] #^¥03-0 71 22 7 

[2] Bi tton D. , et al : "Para! 

lei Algorithms for the Ex 
ecution of Re I at i ona I Data 
base ACM Transactions on 
Data-base Systems, Vo 1 8, No 
3, September 1983, pages324 
-353. 

[3] m)WMh. m&%-: "NonStop SQL 
cOT-^T^f-V , ffifflm, Vo 1 3 3, No 1 
2, pages 143 6-1 4 4 Otfhh* ZtlbWX 

[ 0 005 ] 1 1 ] (CJ:*U±\ ±E« (»*m) C 
y-h*f«i:*4r-^ («*n) ^"-r^TlR* ^,^v> 

^A^fi^y-h^Ji^^wy-htw. i@<7) 

V-h7x-XiLog (n/m) @W-y7i-X 

ii. ^4>T^Ky-h§ix«SmS:t>o, ^<o*> 
tf0^;i/-7°^4zfig;-tl> . Z^-fiV—Tix b y y^'tu? 
.&«rfcfc-f6. -tfc^jf. y-h7x-x^T^K0^h 

y>XO««i. «*n/m-C*S. JMUV-hOttlB 
(i, y-h7x— Xi7-y'7i- Xife|)V^i^-<?<7)-? 

l.r-^lKjMii#S*^*1xt^$fJ|igri»fflfSj(c$)|> (o 

* o , timmmztz^tt i /o b o u n d t*s ) 

[XiCl<7)8^-^] . [*gtl ] TI4. y-H7x- 
Xt-7-i>'7x-X<7)g(tiiL. £ . Meitfcv y h*y 

x-ri. it"c, KSBSEKt h -ri. ^ ^ y 

smffiix^i. zco^-mzxtui, v-vimtzim 
th** y s y- t ft£ffitt3dfffl£ 

» l < ^fJ u, fNP?««iffifflo^ ^& y u-o^x i> y 

y:ieistc»# tb l , <xcov- ^'7 x -xxniizmzn 
■ox^&xbvyrfr t>imt& z t X'^mmm^oy 
m^taLmzm.ti-<xim^cr> i /ommmm 



[0006] -2k hZmm-t 

■?is>izmit:mtf. $m [2] k^sjitui.. a 

-> f y-h£R9i-$-40T. SUB OPT I AM L 
STAGEtOPT I MAL STAGE**— ?CDt~7 

9 17bM94£7*o-te-y-tf9 57!;S98T-y-bL. * 
W&H S-ft^W t #T OHr ^ 9 5 9 8 ftt 1 #<7) 
X h 'J y 7" 9 9 i/' LT V i& . MM 2 *j x -f V- 

y- h xu. m«<mnv- nomh* £ t> tmmz 
m&ztitimcT'vt vy-x~?- ; j-ti ztx- (pos 

TOPTIMAL STAGE), 1 2|s<7)y— h 

[0007] BWSr-^^-^^-rAKUftSBBfiWt 
ifcM»«!a^M5!WPi-tS*&. [3] fcjfiif. 

«tt»SW£ftU £ 
<Di%£<D-m%%J§.tlX . T-^OttgO^ffiHtf 
BMRfOfcSW^Sl-Ctt, y- hMS(0A** { 3if 

7?>Jvg>m. MA'-f^a ytf)T-7jB*#* 
H&l> *3fC*< . >t~r 3 yft<9jM#»'#t&l> 

7-9 mz^^oifihh^ , &wv- h<?)OPT i m 

AL STAGE t POSTOPT I MAL STAG 

e mx-& i> t — 7 ^a*<7)^ t ->r n-t 7 t^#yi&7 $• 

[00 08] 

{i^77S^7-*^7^£ftoMM^yy_tT'M 

nv- h^i^ntT-rs*i^cora»» subopti 

MAL STAGE, OPT I MAL STAGE 2: U 

«MMv-ht*&u mizxm [ i j omm 

JflW:*£. #fl»y-b?*6£*4fts»««aZiJ« 

m%izi*tdfrt>x'hz>. 

[ 0 0 0 9 ] fl*y- h7)«-£ s #7 x -XT|5)-t- 
&Hmz. yx-X&£WM?h1)\ $>l>Ui#7x- 
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wzii. y - h/v-^ffltw i) mx mimmzmm 
■ti&stfbi . y- h/-?- ; jmzm ^twc± 
tm\&7y-?Mz7?±zth®.mzhr). mmm 
izm y) fe*ut±ffi«ijf»:7 ? *7 1 & & . 

[00 10] i<0«H8T«. MJHy-hWSUBOPT 
I MAL STAGE. OPTI MAL STAGES: 

*mv-bb**L. rmm(mtzm%x&x*v& 

MM V-b <0fg\X-mM L&oZbX\ -?->-'7x-Xco 
XbV ^•P2iWE«*>4>«*aSt7*n y 7ifc£#7 b 
y vyx**m\z L, Mfl»fl^S*l*y- b<3»7li*#J 

[00 11] 

T-7^-*<9ffi^^I^MM^aT\ y- b*fta 

y^T± t immmmcoft^f o iwontft i 1 1 

[0012] %<r>tz#>. znmico, v-bttmcQ}j} 
T-?£&mt&m-(r)-mmb. mest-v-vsi 

b y y^as my- h/v-^n^^faspg-c^fig 
zti&x b v yyzvmth v- b/^-^m^tim. 
®b. v-b/-?- ittmo^mw&X'*.®. § tih x b 

x by vf* v- b/-?-mm Lx£.m-mtz%x 
b v y?*mtotmummm*h%h y- hgrx h 

^<50Bff^S[7*Dy7*^^S7.hyy7 , SrB!^iiiLTlu 

ley- b/^-^m^wsm^znm-h xm^$s. 
b . friey- h/v-^ffliie-ti^^ h y y^s-y 

y- hSF7 h y y^±WHWKc«BftL. fcM^iffiiB 
y- hSF7 h y y^±iatjs«ox h y yT - ^ y- b/ 
-i-vymLxw&x b y yyzmiiv- b /■?--; 
mMmmmizfmtiv- b/^-is^b . s-^7- 

u-t XT£W LT=5r & MM y - h SlCft o T , Hffs2 V 

— b/-?-i?^mmuv- b/-?-*;m±imm®e) 
x b y >7*s- y- Lt«i-i>ffJt^7 
h y yyvrfu y^miiv-bmx b y ymtmffi 
®<ox b y yflzmn LX*.th*-^7n-yu-v? 

zmzmmmzwzmi t # . kex k y y 

»t*failBl«Pl#ai: , Mfiy- hSr7. h y y^i 

immmcr>yf-^ya-ya 7 1 mief^^tcfrae 

B§8U<sofc«>*#iiiU S>S^<ifilBy-hiS7hy 
"syf&MHB&frix b y y 7'Sr y - h/v- s/JM-f 6 

«*»^>iS*asL-Cx h y yT'SrfSTE-f^x h y y7'#& 



[ 0 0 1 3 ] V- h<0^t=5rSr-^{i. ZtfSMW) 
iSr^^7oy?£j*hyy^fcLrB Officii. 

->^rt*y- h36%TLT4*S*i«*rfc^ h y y 

^liffl^dorn-fe^-cy- h»x h y y^ffliEflMH* 

ftttoft*. y- h-/'7-> ; ffl±iei§ffiji!{{c#^tf07 , n 
*>B$rat(i, x h y y xi/m^m i^y- 
*ffl**«»tv- biff* h y y;/±fE1SfS«<fcz»:iEti 

mmmz-mK &xb>jy m i /d 7 9 wfi 

[0014] v-i^x-x-m. y- hjfx h y 
ffl±EMRMfc>JB&y- haw* h y ynmizm 0 as 

tPOSTOPTIMAL STAGE<9*!UIfc?g§ft. 

[0015] iieii^+tc y - bar* hj y?m$M 
mam v ? £2 § x h y as L 

~?uv?tmixhv yyx'mznmthfu 7 ? com. 

-^««ui, y- FSrx h y yy±§mmm^<r>x b y 
y/fr'S: < x h y y/*£ tu i/ma-iti 1 

<^&f^t «t -)t . #7Tf-fc^3&*zi*aatt<ofKiifii«^6 
mz-m-fyn y ^mmmz ir , rv-txmx-tmv 

[00 16] 

[0017] C^HB^||jtfi*0flt«*SrfSIl £# 
mt& t , M^ijy- hgl 1 a*2oWn-fc*Tl&fW 
SflfcfcfcW^U y-h^A*k*SA*-r-^2 1. 

ettfl«3 1,32 »=a»atrfcttwAaj*^S3 1 . 



(4) #1PF9-231053 

^sa^a^t-? & y- h/-?-yffl±tais^^3 
1 , 3 2±ry-ha*^Jiv-s/L,r*rUv*MJ>' 

mu izx or y- h s*i*te*r***>t h y y/5 1 

TIM 5 4 y- h&X h 'J y/$±fEfiiI$5 

mix , ^ h y y? 5 ijbm5 4 x-t'cora - y 9 zmz 
%y'u -yfomzmmt Lxmrn-thfrzw^-thft 
mmmmm 6 1 . fsmunpi^R 6 r 

d 7 ^ SrrD-feXMJtE<Z)^il^8 1,82 {c#* ffi-f 

[0018] zcommmx-ii. ^mmm<r>m^x^ 
v-v&%kii*<7)x\-vyytLx^& t ztM. m. 

X&WsX'ft'Vzmi y-hC0SUBOPTIMAL S 
TAGE, OPTIMAL ST AGEfcffiif^ . M. 

$mz&Tznzzx'mmitcv- hBtxho y?frb 1 

SsfiS!^**. A*f-^ 2 1, 2 2 1 y- 
ffl±IE«ffl«3 1 , 3 2 1 , ff3ftgtt8 1 , 8 

mm®.<r>rn-**xmz&-& l . y- h y y^ffl 

tsr*st<?Dfcur^s. fNMW8i. 8 2^, y- 
N/v-^ffl±fait^«3 1 , 3 2^M^a*(i{cft 

[ 0 0 1 9 ] , i «onjfifi*o y - h : Jm±im 
mm 1 , 3 2 1 . v-bmx b y y^ffl±E«ffi«5 

6#;y- hSFx h y y?lQMmffi®5±.(Dx b y y^' 

£ffl9ii. mzv-bmxbvy ym±mmm 5 tea 

* 7d y ^ *14 Lfc«^. a h y yxs# tB L/S!^ 
as 7 tfiWo 7 ^ SrZ«3B*^f^)6ffl«8 1 , 

[0020] jt-f ±IE1«ffi«iO^-< X^ttSfefrffi^R* 

■f*. y-h/^-^'fflilE^ixo-k^ii^rco^r 

Hm+lXJlT—jnH X&ntL. y- hffliiEttO 
SrX h y y/^iJIAr n/m i; ^r^> . -73\ v-^ 

1 1 ■& y ^ y mt . mm&nx bvyym 
y yxti. ^ro-t^*<4jSLfcx h y yxrj>i» t 

f*. v-y«fflr«SMI*±!Btt*S:f (n/m) T'* 
m= f ( n/m) 

f (n/m) =n/m(0^-XS:#tSi:. ±it«im = 
n/mt^rO, m=root (n) t+£h. ±j&CDi. o 

y-F/^-> ; ffl±ieiMiiS^'fX{i. -7-iy'r;p 
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w&<r> o-h.m tf)±ifiti£ y- vmx v y vmmi 

[ 0 0 2 1 ] &tc. f^^^il^ge <D7n -y ?a* 
^^.c7)»^O»&h.03Sr#B3L. 7*D-y?a#8S;i?)ll 
^£tB<#fl>02 (a) . B2 (b) . H2 (c) . B 
2(d) £JIffllT, fMi^il^&eKi^a^ 
<cT;l/d-yXASr^^. 112 (a) 7^02 ( d ) 

4##£jj!cSiv y- hgf^ h y yym±imm. 5 tz 
mt$tL&i><otLx^&. v-hmxbo>7m±im 

5 IZftft-fh 7'D y 9\i±W>X' 1 2 7o -y 9 ) jtX'h 

x. /n7?<oa§<8U#fg£U y- h&T. h y yx 
^as s fut 7'o y ? fin^M o « l X'ffk-rz t t-r s . 

02 ( c ) . @2 ( d ) T\ m%mz.WLtl±. d<7)HM 
^^□■y^ttfeS, 02 (a) , 

( b ) X'ffl&X'jjkZtix^z y- h^fx h y yr&tm 
mmni 27Q'v7mzmix^mx'$)&. sa^ 

7*0-y?T"S>&. ^.hyy^'5 1 t-Xl- yy?"5 2<i7* 

o-tx i 5#y- bWMttcx h y vyx'h y . f*<o-? 

->%3IT'k7°n-fc;*. 1 t. h y V;?"5 3 

tXh yy?'5 4(i7*o-feX 1 6#V- hMSLTtX h 
'J >XT'£> 9 , ^HTIiTn^x 1 6#ffiffl 

[00 2 2] 5fc-f02 (a) ii. X h y 3c7)^)S; 

o£B#£T'y- h 'J y ^±IB1t^«{5^ l 2 7'n 
•y ? izx b y y h ixtzimz * LT n * . £ 

5 2, 5 3 0£Tc9B#f& 
*3Wi 0 T* 6 ** , ±J£ Lfc 7o -y7i mm 5 IZfeM 
■fhlt. 03(cJ:ftii, (^tVWimMit 
h y y?"5 3lil^) fcflBfcWfcSiRtl^ 

x\ wzmittrnt lxx h y yxs 1 wmntii u 
tv7°6 1 ) . xhyy^s i<oi/D7^*w»i 
fe*^ty- h^x h y y^miMsmizmhra 7 
ffffi^-l. ( l &±X'fo& ) <9T\ dcox h y y?&)9@t 
IzmmZtlfzttft (02O5 13) #ffi£8UO*f«fc 
t£*LTVi|> (^r-y7°6 2c7)no) . & 

fe, rn-y^iffl^awott. £T<oy-Mhy y/ 
*%^$n/cf^<7)x i- y y^ov-^a^Uff-ri.^: 

?#y- h&x h y y^jH±ie«s«5 tsfiptrsi&is 
Wb&frt>X'hh . 03or;p^y xak l/^ot^ 
4#£-c?)* h y y^'o^a*^t)-5^Bti[<o*t^S'0 

2 (bHcScf. 7-hy y^5 4t07'D-y^(i. g^-cT) 



y y^S^dJL^tc^tUvrH^f L^»5 1 
2, 51 3, 522, 523, 536, 537, 54 
2, 5 4 6com^mz.l,ZX-oX. 12 7v-y7ftcr>m& 
5 1 1, 52 1, 53 1^53 5, 541, 543^j 

^545, 5 4 7taw«xs>iro^. zomzmmi 

lis 03^Xr-yT6 2<^fefr*»4>, 02cO7o-y^5 
4 lTti«4L*V\ 02 (b) CJ:jitfib(J«fc:^r 

<7)xi-y>^T'a^ii^iS[^2i:^9, mx-iti-f^y 
mm uz%h mizw&ztix ^izt tfh& 

h. ZCOZtit. v-iSHmmzTn-tXl 5t3XX/r 
a-tx 1 6 ?<m&ftmgM8 1 , 8 2*»4>«WWf L 

*^t^r h z t SrSfls-rs . y- hgfx h y y^±ie 
mm® 5 izx v o yrtf&j&ztix , y ^ m 

i*fcft(C(4, y-hSFXh y>/ffl±IB1f5coa^^ 
1 5: £ 7-0 -y ^ Zx b v aj L/m&t: I 

^■mx^mmm8i , 8 2^s#aj-r^^j>£. s 

ar, *iu^a^^^* { ii4i-ri»-oM (oio, y-h 

at) iz. m3cr>Tjnyxj>£mmi. mzmzmi 
Lfc«*tca* te^. £ 7*d -y aj ls^s: 

-hmmifrMM®8l , 8 2'\<7)7'n-y?CD##ajL 
©a^^-^"5'y7-§-ttT. «Sll«iaS:Ji»t£«It*« 
■C'# £ . ?-y'7 x-XT'y- h^X h y y^^5<7) 

iss xo -y ^»*>'^7 znyn-y? wmm 
mktt-otzMs. xh>)yym^mL/m^^m 

tfHWu .y ? Srfmffi«{8 1 , 8 2a»S>R*ai-f A»fc 

[0023] 5t-f02 ( b ) w-mmcomtemtix' 
hh. xbvyym%& i/m*&fr^m i «/n .y ^ 

S^«IS-^-f7D-^-hT'*l.04{Cj:^(f02 
(b) T\ /D-txi 7'O-y 
? 5 3 l^St^oJtt-fS. ££T\ 04(01^70 

— fY-hic^at, 7*o-fex5 6i#o-?-^a 

T\ S#^7'o 7 ;531 fcSE^asf f^SiitS07*n y 
^Ji, 02 (b) 05 3 6. 5 4 2^iliiW; 
7'n-y?T\ £<7)^*>5 4 2(iSg§f IT**). 536J4 
8E8i5T'S>S£t* J 4) (Xf-°/77 1 , 72KXHJ 
yrm$& L/I^3i^#g7 (i7'D 7?542 ^!^^ 
SJ-f (^f 777 3) . £<0ffl. V-j^«BH4 % 02 
(b) <7)7D7^54 1 , 5 3 2<7)ffl?mMi~&. - 

ru^xi 5<7)^-i/wm is mTL7n -v -? 5 1 1 

#SK$ro fc f * . <JctK*ajf Xd 7 7110 
2 (b)<?)5 1 2, 522TH#^i. 4»ftjt7*D«y 7? 

J> 0 . SEBi«i l ^<7>t\ S»<7)x h y yfffito/rrf 

a-y?x*b& 5 1 2wm*&ie>m.t%h. 

[ o o 2 4 ] ^rfc . £ vmmmxu. yyivx-v ? 7 iz 
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mt* v yrmm&t&zt x\ rr/Mv 7 7 

#2fcTFj fciffciOWtUf J:V\ Z<r>t§£^ @4<7)T 

wc, ro*x££#;^yi!v^7'DH:>y^<?>&r 

o-fe -y -9-tcf J 0 ST *30!*«T* 5 i «0J!£< 4>^T'S> 
«. 

[00 25] 

atMtsewftwwv- x -xxm^ta-t 

7o v ^gc^%^=5ri. x o mm-th Z t lz x -> 
x , -?- : Jy x-xco$^TKra&#ro-fexT|5] t c L 

ftixfeT. 132 (b) fl>0TCtt, TD-trXtt^iJ^^ 
O0jRli«-7 , o-fe^t k 4|5rfoT*)&. ZtHZftlX, 

&ru*xximizv- h&z h y yymMimm o 
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